Even though sub-micron and nano-sized iron particles generally display single or polycrystalline structures, a growing interest has also been dedicated to the class of amorphous ones, whose absence of a crystal structure is capable of modifying their physical properties. Among the several routes so far described to prepare amorphous iron particles, we report here about the crystallization of those prepared by chemical reduction of Fe 3+ ions using NaBH 4 , with sizes ranging between 80 and 200 nm and showing a high stability against oxidation. Their crystallization was investigated by differential scanning calorimetry (DSC), X-ray diffraction (XRD), and in situ heating transmission electron microscopy (TEM). The latter technique was performed by the combined use of electron diffraction of a selected sample area, and bright and dark field TEM imaging, and allowed determining that the crystallization turns the starting amorphous particles into polycrystalline α-Fe ones. Also, under the high vacuum of the TEM column, the crystallization temperature of the particles shifted to 550 • C from the 465 • C, previously observed by DSC and XRD under 10 5 Pa of Ar. This indicates the pivotal role of the external pressure in influencing the starting point of phase transition. Conversely, upon both the DSC/XRD pressure and the TEM vacuum conditions, the mean size of the crystal domains increases as a consequence of further thermal increase, even if with some pressure-related differences.
Introduction
Amorphous metals, also often called metal glasses, have been known of for several decades [1] , mainly as alloys. In bulk form, they have deserved growing interest over time for their peculiar properties, such as hard or very soft magnetic behavior, high electric resistivity, high resistance to corrosion, and enhanced mechanical properties with respect to their crystalline counterparts [2] [3] [4] [5] [6] . All of these properties come from the internal structural disorder of metal glasses. The most traditional method to obtain this class of materials consists of cooling a molten phase at a very high rate (10 5 -10 6 • C s −1 ), so that the atoms do not have enough time to reach the equilibrium positions and give rise to the periodic structure typical of a crystal phase [1] . Besides, over the years other routes were developed to produce amorphous metals, such as chemical vapor deposition, reactions at the solid state, solid-state electromechanically driven amorphization, ion irradiation, and mechanical alloying [7] [8] [9] [10] [11] .
Fe-based materials play a crucial role among the several soft magnets due to their possible applications in data recording media, electric motors, and magnetic sensors as a consequence of their extremely low coercivity, very high magnetization saturation, and good thermal stability [12, 13] . Besides, like in the more general case mentioned above, these materials exhibit quite enhanced magnetic and mechanical properties at the amorphous state if compared to their crystalline counterparts, because grain boundaries and magnetocrystalline anisotropy are absent in this state [14, 15] . In addition, a further major improvement in these physical properties is observed when the materials pass from the bulk state to the sub-micron and nano sizes [16, 17] . This is also the case for pure Fe amorphous nanoparticles, which have been studied in terms of magnetic properties, synthetic routes followed, and the influences of these routes over the subsequent crystallization. Two methods emerged as the most widely used to synthesize this kind of small particle, the first based on the ultrasonic irradiation of iron pentacarbonyl and the second on the reduction of Fe 3+ with NaBH 4 [18] [19] [20] [21] .
In this work we report on the first in situ transmission electron microscopy (TEM) study of the crystallization of amorphous iron sub-micron and nanoparticles prepared following the synthetic method where the trivalent iron cations were reduced by using NaBH 4 . The crystallization was performed by heating the particles using an ultra-low drift, microelectromechanical system (MEMS)-based in situ TEM sample holder under the high vacuum conditions typical of a TEM equipped with a Schottky electron source, and using an experimental procedure similar to the one we already published for the in situ crystallization of titania nanotubes [22, 23] . The results reported herein indicate that the amorphous particles, whose size ranges between 80 and 200 nm, start to crystallize at 550 • C by in situ TEM heating and give rise multi-domain nanocrystals. These findings were compared with the crystallization of the same particles performed by differential scanning calorimetry (DSC) under 10 5 Pa of Ar, where a much lower (465 • C) crystallization temperature was found in comparison to the thermally-driven in situ TEM experiment. The results found by DSC were further confirmed by X-ray diffraction (XRD) experiments, performed below and above 470 • C, and again under the same pressure of Ar. Furthermore, what was observed by both in situ TEM and XRD indicates that the size of the crystal domains increases as a consequence of an additional thermal rise, even if in a slightly different way, and this difference can again be ascribed to the diverse external pressure conditions. All these observed differences concerning both starting crystallization temperature and crystal domains' growth are discussed in terms of pressure effect, since both the DSC/XRD atmosphere and the high vacuum of the TEM can be considered chemically inert conditions.
Materials and Methods

Synthesis of the Iron Amorphous Particles
In a typical synthesis, a FeCl 3 · 6H 2 O (Aldrich, St. Louis, MO, USA, 97%) water solution was heated at 80 • C under stirring for 1 h in the presence of anhydrous Na 2 SO 4 (Fisher, Hanover Park, IL, USA) [24] . The mixture was then treated with a NaBH 4 (Aldrich, St. Louis, MO, USA, 98%) water solution (Fe 3+ /NaBH 4 molar ratio 1/4), added dropwise under N 2 atmosphere, to ensure the complete reduction of Fe 3+ to the metal state, with a procedure similar to that reported by Chen et al. [25] . The solid black precipitate of amorphous iron particles was magnetically separated and washed with water and acetone.
Differential Scanning Calorimetry and X-ray Diffraction
Differential scanning calorimetry (DSC) measurements were performed on a STA 449 F1 (Netzsch, Selb, Germany), from 25 • C (room temperature, RT) to 700 • C at 10 • C min −1 under 10 5 Pa of Ar flow. Powder X-ray diffraction (XRD) patterns were recorded on a Bruker (Billerica, MA, USA) D2 Phaser powder θ-θ diffractometer equipped with a Cu Kα (λ = 1.54 Å) source and a Lynxeye detector within the 2θ range of 15-90 • , step size 0.05 • , and time per step of 1 s. The average crystal size was determined by Scherrer equation, and the LaB 6 standard was used to obtain the instrumental broadening [26] .
Conventional and In Situ Heating Transmission Electron Microscopy
In order to determine their shape and size distribution, the particles were drop casted after dispersion in ethanol which was then let to evaporate on a copper TEM grid covered with a thin amorphous carbon film acting as mechanical support (TedPella, Redding, CA, USA). Transmission electron microscopy (TEM) bright field (BF) imaging of the starting material was performed by using a FEI Tecnai Microscope (Eindhoven, The Netherlands) operating at an acceleration voltage of 120 kV, equipped with a thermionic LaB 6 electron source, an objective twin lens and a Gatan (Pleasanton, CA, USA) Orius CCD Camera. The in situ TEM was performed by using a FEI Titan Microscope (Eindhoven, The Netherlands) operating at an acceleration voltage of 300 kV, equipped with an ultra-bright Schottky (X-FEG) electron source, a cryo-twin objective lens, and a Gatan 4k × 4k CCD Camera. The in situ TEM experiment was performed by using a MEMS (microelectromechanical system)-based ultra-low drift heating holder from DensSolution (Delft, The Netherlands), which mounts MEMS chips commercially provided by the same producer, and made by a silicon nitride film with a heating and a thermo-resistive-based spiral. Elliptical, thin, electron-transparent windows were fabricated between the two spirals and were used as regions of interest where the deposited particles could be heated and imaged. This kind of heating MEMS chip has a thermal accuracy higher than 0.1 • C; a lateral drift lower than 5 nm both after a rapid thermal increase of several hundreds of degrees and at constant temperature, the latter intended per hour of experiment; and a maximum heating temperature of 1200 • C. Before performing the in situ heating experiment, the sole sample holder (with no MEMS-based heating chip inserted) was cleaned for 15 min by a Gatan Solarus plasma cleaner, using a mix of O 2 and H 2 and with a power of 50 W. Then, a MEMS-based heating chip was inserted in the sample holder, and before the deposition of the sample, it was again plasma cleaned for further 2 min, with the same gas mix at a power of 20 W. The crystallization of the sample was monitored while heating the MEMS under selected area electron diffraction (SAED) geometry, after choosing and following a group of few tens of particles and imaging their electron diffraction pattern (EDP). In order to minimize the loss of focus due to the thermal bulging of the MEMS during heating, the starting temperature was chosen to be equal to 200 • C, where the z-height of the sample was adjusted keeping it in eucentric focus conditions. Then, the sample was first heated with a thermal ramp of 10 • C min −1 and the bulging-related loss of focus was counterbalanced by continuously adjusting it during all heating ramps. Once the EDP started showing diffraction spots caused by the particles' crystallization (550 • C), the temperature was quickly lowered to 200 • C to temporarily stop the crystallization; then, a BF and the corresponding on-axis dark field (DF) images were taken, selecting an EDP area by using an objective diaphragm of 50 µm in size and switching the microscope from diffraction to imaging mode and vice versa. The temperature of the sample was quickly raised again to the starting crystallization temperature, and from there, constantly increased up to 800 • C, still with a rate of 10 • C min −1 . At 600 and 800 • C, the temperature ramp was shortly paused in order to acquire an EDP, a BF, and the corresponding on-axis DF TEM image in isothermal conditions. The thermal ramp followed during the in situ TEM experiment is graphically summarized in Figure 1 . 
Results
The TEM image reported in Figure 2a shows that the as-prepared sample is almost entirely constituted of chain-like clusters of interconnected spheroidal particles with a broad size distribution, ranging from 80 to 200 nm. The distribution, generated by measuring the size of more than 100 nanoparticles, was fitted by a log-normal function (Figure 2b ), which is well-known to provide good fits for most of small particles distributions [27, 28] , and which gave a particles log-normal mean size of 114 nm. The TEM image at higher magnification ( Figure 2c ) shows the spheroidal shape of the iron particles and also highlights the presence of a quite limited amount of precursor residuals (sheet structures) surrounding some among the particles. Their amorphous character is evidenced by the XRD patterns of the sample (Figure 2d ), where the absence of sharp peaks together with the presence of a broad halo in the low-angle range clearly indicate that the freshly synthesized particles possess a glassy structure that is still maintained after two months of air exposure. As stated in the abstract, this indicates that the particles are stable against oxidation over a long time period. 
The TEM image reported in Figure 2a shows that the as-prepared sample is almost entirely constituted of chain-like clusters of interconnected spheroidal particles with a broad size distribution, ranging from 80 to 200 nm. The distribution, generated by measuring the size of more than 100 nanoparticles, was fitted by a log-normal function (Figure 2b ), which is well-known to provide good fits for most of small particles distributions [27, 28] , and which gave a particles log-normal mean size of 114 nm. The TEM image at higher magnification ( Figure 2c ) shows the spheroidal shape of the iron particles and also highlights the presence of a quite limited amount of precursor residuals (sheet structures) surrounding some among the particles. Their amorphous character is evidenced by the XRD patterns of the sample (Figure 2d ), where the absence of sharp peaks together with the presence of a broad halo in the low-angle range clearly indicate that the freshly synthesized particles possess a glassy structure that is still maintained after two months of air exposure. As stated in the abstract, this indicates that the particles are stable against oxidation over a long time period. DSC analysis under Ar was performed to study the thermal behavior of the sample. Figure 3a shows an exothermic peak centered at 465 °C, due to the crystallization of the amorphous iron particles into polycrystalline α-Fe, a phenomenon that occurs in similar fashion to what was described for analogous materials in [18] [19] [20] [21] . The structural evolution of the sample with temperature is shown in Figure 3b , where the XRD patterns of the particles treated at different temperatures under N2 inert atmosphere are reported and compared with the one of the as-prepared sample at RT. The very sharp peaks corresponding to crystalline α-Fe Powder Diffraction File (PDF) card of Fe, numbers 6-696) in the XRD pattern of the sample treated at 500 °C confirm that the crystallization of the amorphous iron particles took place below that temperature, and is in accordance to what indicated by the DSC peak. Besides, at 500 °C few minor XRD peaks with lower intensity were observed and ascribed to the formation of iron borides similarly to those observed in [21] (PDF card of Fe2B, numbers 72-1301 and of Fe3.5B, numbers 34-1032). The appearance of iron borides allows speculating on the origin of the stability of the particles over time against their possible oxidation. Indeed, such a stability could be likely ascribed to the presence of a not negligible amorphous layer constituted mainly of boron coming from the material synthesis and covering the whole particle's surface [20, 21] . Upon heating, such a layer seems to crystallize as an alloy with some iron, quite similarly to what described by Yang et al. in [21] . Besides, upon further increase of the thermal treatment temperature, the width of all XRD peaks decreases due to the increase of the size of the α-Fe crystalline domains, as also pointed out by the Scherrer equation applied to the {100} reflection, whose estimate of the mean size of the coherently diffracting domains is reported in Table 1 [26] . It should be noted that above 600 °C this calculated mean size approaches the maximum size of the particles, until exceeding it at 800 °C (Table 1 ). This trend, culminating with the result obtained at 800 °C, indicates that some coalescence likely occurs among them at high temperature, finally giving rise to crystal domains with a larger size than that of the biggest starting iron particles. Moreover, in the samples treated at 600, DSC analysis under Ar was performed to study the thermal behavior of the sample. Figure 3a shows an exothermic peak centered at 465 • C, due to the crystallization of the amorphous iron particles into polycrystalline α-Fe, a phenomenon that occurs in similar fashion to what was described for analogous materials in [18] [19] [20] [21] . The structural evolution of the sample with temperature is shown in Figure 3b , where the XRD patterns of the particles treated at different temperatures under N 2 inert atmosphere are reported and compared with the one of the as-prepared sample at RT. The very sharp peaks corresponding to crystalline α-Fe Powder Diffraction File (PDF) card of Fe, numbers 6-696) in the XRD pattern of the sample treated at 500 • C confirm that the crystallization of the amorphous iron particles took place below that temperature, and is in accordance to what indicated by the DSC peak. Besides, at 500 • C few minor XRD peaks with lower intensity were observed and ascribed to the formation of iron borides similarly to those observed in [21] (PDF card of Fe 2 B, numbers 72-1301 and of Fe 3.5 B, numbers 34-1032). The appearance of iron borides allows speculating on the origin of the stability of the particles over time against their possible oxidation. Indeed, such a stability could be likely ascribed to the presence of a not negligible amorphous layer constituted mainly of boron coming from the material synthesis and covering the whole particle's surface [20, 21] . Upon heating, such a layer seems to crystallize as an alloy with some iron, quite similarly to what described by Yang et al. in [21] . Besides, upon further increase of the thermal treatment temperature, the width of all XRD peaks decreases due to the increase of the size of the α-Fe crystalline domains, as also pointed out by the Scherrer equation applied to the {100} reflection, whose estimate of the mean size of the coherently diffracting domains is reported in Table 1 [26] . It should be noted that above 600 • C this calculated mean size approaches the maximum size of the particles, until exceeding it at 800 • C ( Table 1) . This trend, culminating with the result obtained at 800 • C, indicates that some coalescence likely occurs among them at high temperature, finally giving rise to crystal domains with a larger size than that of the biggest starting iron particles. Moreover, in the samples treated at 600, 700, and 800 • C, the iron borides' peaks disappear and the diffraction patterns are strongly dominated by the α-Fe peaks, suggesting that, likely, these phases are poorly stable and located on the particles surface. Finally, at 600, 700, and 800 • C, very weak peaks are also present, which might be respectively attributed to iron borate oxide and boric acid [29] (PDF card of H 3 BO 3 , numbers 30-0199 and of Fe 2 (BO 3 )O, numbers 79-2433) impurities, still possibly originating from the precursors' surficial residues crystallizing at high temperature.
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Finally, going up from 600 to 800 °C, the BF imaging of the heated particles indicates that some slight shape change occurred even in the bigger ones, while the corresponding DF imaging indicates a further but quite limited increase of the crystal domains' size for the α-Fe, apparently less pronounced than what was observed through the XRD-based mean size estimate.
Discussion
In the previous chapter we described how the ex situ (by XRD, after DSC under inert pressure) and in situ (by selected area ED, BF, and DF TEM, under high vacuum conditions) crystallization of amorphous iron particles occurred. As some important differences were noticed when this phenomenon was investigated following the two above-mentioned approaches, some main points deserve to be discussed: (a) the difference in temperature corresponding to the start of the α-Fe crystallization, as measured by DSC under 10 5 Pa of Ar (465 °C), and under the high vacuum conditions of the TEM column (550 °C); (b) the increase in mean size of the nucleated crystal domains, which looked slower when the sample was heated and crystallized under the above-mentioned DSC/XRD pressure conditions, and faster when the crystallization was triggered upon the high vacuum ones by in situ TEM.
The starting temperature (465 °C) for the amorphous→crystal phase transition, as found by DSC and further confirmed by a posteriori XRD structural analysis, was similar to what was reported in [18] [19] [20] [21] . Indeed, the materials were prepared and their transitions were thermally studied following routes analogous to the ones reported in the literature mentioned above. However, when the same (e,f) at a steady temperature of 800 • C, after a thermal increase from 600 up to 800 • C with the same rate of 10 • C min −1 .
Finally, going up from 600 to 800 • C, the BF imaging of the heated particles indicates that some slight shape change occurred even in the bigger ones, while the corresponding DF imaging indicates a further but quite limited increase of the crystal domains' size for the α-Fe, apparently less pronounced than what was observed through the XRD-based mean size estimate.
In the previous chapter we described how the ex situ (by XRD, after DSC under inert pressure) and in situ (by selected area ED, BF, and DF TEM, under high vacuum conditions) crystallization of amorphous iron particles occurred. As some important differences were noticed when this phenomenon was investigated following the two above-mentioned approaches, some main points deserve to be discussed: (a) the difference in temperature corresponding to the start of the α-Fe crystallization, as measured by DSC under 10 5 Pa of Ar (465 • C), and under the high vacuum conditions of the TEM column (550 • C); (b) the increase in mean size of the nucleated crystal domains, which looked slower when the sample was heated and crystallized under the above-mentioned DSC/XRD pressure conditions, and faster when the crystallization was triggered upon the high vacuum ones by in situ TEM.
The starting temperature (465 • C) for the amorphous → crystal phase transition, as found by DSC and further confirmed by a posteriori XRD structural analysis, was similar to what was reported in [18] [19] [20] [21] . Indeed, the materials were prepared and their transitions were thermally studied following routes analogous to the ones reported in the literature mentioned above. However, when the same crystallization phenomenon was monitored by in situ TEM, the external pressure decreased from the values typical of a DSC experiment (10 5 Pa) down to those usually expected inside a FEG-TEM microscope's column (about 10 −4 Pa). The influence of the external pressure on the crystallization of formerly amorphous materials has been previously studied, and some papers [30] [31] [32] [33] [34] showed that in amorphous alloys, an increase of the external pressure could retard the beginning of the crystallization, thereby increasing its starting temperature, which is the opposite to what we report here. This occurrence is normally ascribed to the pressure effect on the atomic diffusion during the crystallization. Indeed, the pressure should unavoidably limit the atomic diffusion, thereby retarding the beginning of crystallization. However, further reports (see, for instance, [34] ) showed that the atomic diffusion cannot be always invoked as the dominant mechanism in the crystallization of an amorphous material, and finally, it was also shown that in some cases the pressure increase could bring a reduction of crystallization temperature [35] , as occurred in our case. In more detail, the crystallization of an amorphous solid is usually regarded as a two steps process; namely, crystal domain nucleation and subsequent growth. Thus, when some crystal nuclei are formed in the surrounding amorphous matrix, a crystal-to-amorphous interface is also developed simultaneously. If, like in our case, a decrease in the external pressure gives rise to a marked increase in the crystallization temperature, it is evident that this hindrance could not be caused by atomic motion, which should be favored by a pressure reduction. Then, the origin of what occurred has to be searched in the thermodynamics ruling, the formation of the initial crystal nuclei, and their subsequent growth. Thus, from a thermodynamic point of view, the free energy variation related to the formation of a spherical, crystal nucleus in a surrounding amorphous matrix is given by the following equation [35] :
where d is the crystal nucleus' diameter, ∆G ν the free energy variation for forming the unit volume of crystal phase, E the elastic energy due to the change in volume related to the amorphous → crystal transformation, γ the energy associated to the crystalline/amorphous interface formation, and ∆V the actual volume variation when a crystal nucleus is created from the amorphous state. The latter term is the only one related to the applied pressure P during the phase transformation. In other words, ∆G(T, P) represents the energy barrier to overcome by heating the sample for the crystal nucleation to take place. In fact, at the beginning of nucleation, the first two terms of Equation (1) are positive, while the third one could be either positive or negative depending on the fact that the crystallization of a given mass of amorphous material into a crystal nucleus determines an increase or decrease in volume. Even though measuring such a volume change was not directly possible for our sample, from the experimentally observed increase in crystallization temperature with a pressure diminution, it is a strong indication that this change had to be negative. Indeed, the negative contribution to the free energy change given by the negative ∆V is modulated by the p value that multiplies it: the higher the pressure value, the higher the modulus of the negative term, and, consequently, the lower the overall ∆G(T, P) term that must be thermally overcome to start the formation of crystal nuclei. Since the difference in pressure between the TEM vacuum conditions and the ambient pressure where the DSC experiment was performed was about nine orders of magnitude, this likely small negative change in volume could give rise to a dramatic lowering of the free energy required for the formation of small crystal nuclei, and, as a consequence, of the temperature needed to start the crystallization. Once these small nuclei were formed, the atomic motion promotes their growth. On the other hand, in this case the pressure is expected to play an opposite role, since it reduces the atomic motion, and consequently, the thermally induced growth of the crystal nuclei. This is in good agreement with what we observed by comparing the growth of crystal domains after a thermal increase at 10 5 Pa (in the DSC/XRD experiments) and at around 10 −4 Pa (in the TEM column). Indeed, we noticed that for the most part, the crystal domains' growth observed in the TEM occurred in the interval between 550 and 600 • C; further heating up to 800 • C seems to have a rather limited effect in promoting an additional growth of the domains. Conversely, when the thermal increase was promoted at ambient pressure during the DSC experiment, the XRD-based mean size analysis reported in Table 1 clearly indicates that the higher pressure retarded the growth of crystal domains, which proceeded continuously while the temperature increased. With regard to this, the difference observed between the thermally-increasing size of the crystal domains, as indirectly measured by XRD and directly by DF TEM imaging, must also be noted. In fact, the maximum size reached by the α-Fe crystal domains, as determined by XRD, looks much higher than the one reached during the in situ heating experiment. However, differently from what occurs in an XRD experiment, the TEM requires a thin sample (i.e., its thickness must be sufficiently low to permit the passage of electrons through the volume) to provide any kind of imaging (BF, DF, and EDP). In the present case the scattering due to atomic number is basically constant, as the sample is constituted by only iron, but the maximum size of the iron particles is close to 200 nm. This means that the electron beam might be required to pass through objects several hundreds of nanometers thick in case of superposition or thermally-driven coalescence of iron particles. Multiple scattering and absorption become increasingly likely for these thickness values, thereby hindering the analytical capability of TEM. That is apparent when looking at the largest particles shown in Figures 4  and 6 , where no crystal domain can be detected. On the other hand, thickness limitations do not affect the XRD, which can successfully account for bigger particles during size measurement. Finally, similarly to what reported in our previous work [22] and in [36, 37] , an electron beam contribution to the crystallization cannot be neglected a priori, since in principle it could further promote the fast growth of crystal domains once their nucleation kicks off. Indeed, the electron beam energy is well-known to promote atomic displacements by knock-on effect; i.e., a further support to the atomic motion needed for the crystal domains' growth. However, since the contribution of this effect is mainly ascribed to crystallization processes triggered by atomic motion, which does not seem to be the present case, it will be meaningful investigating the actual consequence of an electron beam energy change on the crystallization phenomenon we explained in the present work. Thus, the results described here represent a first step in the study of the crystallization mechanism of amorphous iron particles. Additional experiments will have to be performed to confirm and further clarify the outcomes shown here. Thus, extra in situ-gas heating TEM studies of the particles crystallization under diverse pressure conditions of inert gases, should provide more reliable information on the volume change reported in Equation (1), which is supposed to act as main factor in controlling the increase of the starting temperature of crystallization observed in the presence of a pressure diminution. As well, changing the electron beam energy, while keeping fixed the in situ pressure conditions of the heating experiment, should allow one to determine its possible influence on the overall development of α-Fe crystals' domains.
Conclusions
To the best of our knowledge, this is the first work devoted to the study of amorphous iron particles' crystallization under diverse pressure conditions and by using both a DSC/XRD-based and an in situ TEM approach. We reported here that the pressure played an essential role in determining both the starting crystallization temperature and the following growth of multiple crystal domains of α-Fe in the original amorphous iron particles. In particular, the most relevant result here described lies in the apparent and marked increase of kick-off temperature of crystal nucleation as a consequence of a very pronounced reduction of the pressure. However, once the small crystal domains' nucleation occurred, the pressure seemed to act as a hindering factor for the growth of the crystal domains by limiting the atomic motion. Finally, the exact chemical nature of the shell surrounding the particles and protecting them from oxidation, which according to literature could likely be a boron-based surficial layer, deserves future further study by dedicated, spatially resolved compositional techniques. Furthermore, the actual role played by the electron beam in both nucleation and growth of the α-Fe crystal domains will be studied in-depth by means of further, appropriate in situ TEM experiments.
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